This paper shows that the visible gap length may be used as a physical parameter when correlating pressure difference to volume flow rate (or air velocity) through the cracks between floorboards and can be termed the Equivalent Crack Length. The crack widths, which previously have been determined separately from the edge effect coefficient and the laminar flow coefficient, were significantly different. When analysed graphically they can be shown to correlate by an empirical relationship. A generalised equation is proposed that, in conjunction with the empirical relationship, allows predictions to be made of the volume flow rate through the cracks between floorboards for a known pressure difference. 
Introduction
It is established that air infiltration from a basement or sub-floor void is a drain on the heat requirement of a building (1 ) as well as a potential medium for the transportation of ground contaminants (2, 3) . In previous work 4) the authors presented the results of an investigation of three methods for correlating air infiltration through timber floors with pressure difference, namely the power relationship, the linear relationship and the quadratic relationship. It was shown that both the power relationship and the quadratic relationship offer an effective means of describing the flow characteristics associated with air infiltration through timber floorboards for the pressure difference range of 2 -50 Pascals.
In the case of the quadratic relationship, knowledge of its coefficients allows the physical parameters of the crack geometry to be estimated. However, the determination of the coefficients is likely to be affected by (a) the nature and type of the experiment being undertaken; (b) the availability and spread of data; and (c) the method of data analysis. Consequently, the parametric values thus deduced are strictly applicable only to the case under investigation. Furthermore, caution must be exercised when using measurements taken at low flow rates, i.e. for pressures differences less that 5 Pa because of the practical constraints. In extreme cases (where the pressure difference is less that 2 Pa), extrapolation of data offers the only means of analysis. Although the quadratic relationship is well established and its coefficients can be related to crack parameter, the following two items need addressing;
Can the quadratic relationship be made to be independent of case studies?
Can the uncertainty associated with measurements at flow rates be minimised?
The main emphasis of the present study is devoted to tackling these two issues and the purpose of this paper is therefore two-fold to provide more experimental data to enable the search of a universal quadratic relationship;
to show the effectiveness of using an apparent floorboard crack length for parametric calculations.
The Experiment
For this study a purpose-built floor has been constructed to investigate the flow characteristics associated with low flow rates through a suspended timber floor. This would enable the crack dimensions to be readily measured, so that comparison could be made with predicted values from mathematical models. The technique used to construct the floor was typical of that used in current U.K. housing stock.
Test rig
In order to exercise greater control over the air flow rate and pressure difference across the chamber floor, a rig of 1.8 m x 1.2 m x 0.60 m (Figure 1 ) was constructed with a suspended timber floor dividing the rig into two 300 mm deep chambers. The rig was constructed of clear 6 mm perspex held together by 25 mm aluminium and mild steel angles. The angle-section/perspex interface and corners of the rig were sealed with silicone sealant to achieve a near perfect air-tight seal. The chamber lid was made of 1.8 m x 1.2 m x 6 mm perspex that was screwed on to the angle sections and a seal achieved by using a silicone sealant bead as the gasket. The floor was built of 125 mm x 25 mm (nom) tongue and groove boards on 50 mm x 50 mm carcassing timber. Air was supplied to the chamber through 51 mm flanged copper tubes and the flow rate was regulated by a variable speed centrifugal fan (250 mm) and a damper connected to a 1000 mm (l ) x 51 mm(i.d.) copper tube. The mean velocity pressure through the inlet pipe was determined by means of a micromanometer connected to a Pitot-static tube located 1 m downstream of the entry point and 20 mm from the exit point where it was anticipated that the air flow would be reasonably developed. Bulk pressure across the floor was measured by an inclined manometer that was connected to pressure tappings above and below the floor, which enabled static pressure differences as low as 0.5 Pascals to be recorded.
Procedure
The purpose of the investigation was to measure volume flow rates and corresponding pressure differences across the timber floor for a pressure range of 0-50 Pascals
Observations of the flow conditions at the measuring station revealed a flattened velocity profile similar to that pertaining to a turbulent flow. Therefore, it was concluded that the air flow at the measuring station would always be turbulent and fully developed. The volume flow rate was calculated from the Area of the pipe x Mean Air Velocity which was found from a single, centre-line velocity pressure reading. Since the air velocity near the pipe wall is lower than that of the mean velocity, the calculated flow rate would slightly differ from the true flow rate. From recorded measurements the difference is estimated to be of the order of 10%.
Background Theory
Previous work (5) identified that the flow rate through the floorboards could be calculated by subtracting the leakage (Q leak1 ) from the total flow into the chamber (Q 1 ). Although infiltration through the floorboards is measured directly, the flow between the skirting board and the floorboards is deduced from the difference between the measured flow rate through the floor and the measured flow rate through the floor and skirting. Measurement of the infiltration through the floorboards is possible by sealing the gap between the skirting and the floor with plastic tape.
Background leakage from the chamber was determined by closing and sealing the chamber lid and comparing the inflow with the outflow. The inflow/outflow velocity pressure was measured in a 22 mm pipe and the measured leakage was calculated as less than 1% of the inflow rate in preliminary investigation and was subsequently neglected in other tests. Four test floors were prepared, each with pre-determined visible gap sizes between the floorboards and were separately tested (tests 1-4). All the tests had a skirting board at the edge of the floor that was sealed to the chamber wall by silicone sealant to prevent unmeasured leakage. This arrangement simulated the typical construction detail of a wooden floor over a basement or floor-void
The results are analysed as the variation of the volume flow rate (through the floor and from the opening between the floor and skirting board) with pressure difference between the chambers and are subjected to regression analysis using the following relationship:
2.3.1 The quadratic equation
where Q = volume flow rate, P = pressure difference, A & B are constants that relate to crack parameters that were defined by Etheridge (6) and subsequently extended by Baker (7) as Equations 2 and 3. C 2 is a constant, found by regression analysis, that is indicative of instrument error at zero pressure difference. By sealing the inlet tube and setting of the instruments to zero before each set of readings, instrument error was assumed to be negligible and set at zero for the analysis.
where = dynamic viscosity, z = total distance through the crack, L= length of the crack as measured on the horizontal plane of the floor, d= crack width or thickness, = air density and C b = a constant (described by Baker (7) ) that relates to the number of bends in the crack.
Results and Discussion

Floorboard Crack Size
The experimental data for this work are plotted (Figures 2 -5 (Table I) . Although the term equivalent crack length is used to describe the total length of the visible gap between floorboards it does not represent the true crack length because the tongue of one board rests on the lip of the adjoining board.
Inspection of the calculated values (Table I) shows that an equivalent crack width determined by using the laminar flow coefficient can result in vastly different values.
However, because the laminar flow predominates at lower pressure differences, it is not wise to disregard it completely. When the calculated equivalent crack widths 
Thus, the empirical relationship given by Equation 4 allows the infiltration flow rate Q to be predicted based on a knowledge of the equivalent crack width deduced from the edge effect coefficient, which can be calculated from the regression analysis of experimental data. .
The validity of this approach can be quantified as follows. When the pressure difference across the chambers was maintained at 2 Pa, the calculated flow rate (Q) was found to be within 3.5% of the values predicted using the regression analysis coefficients for tests 2-4 This figure increases to 11 % for a full size test floor. It should be noted that the difference between Equation 5 predictions and those from the regression analysis can vary significantly at very low pressure. For example, the difference in predictions for test No.1 (figure 2) can be as high as 54% at 0.4 Pa and decreases logarithmically to 10 % at 50 Pa. The reason for the large discrepancy is unknown and this may be attributable to practical difficulties in measuring data at low pressures.
Normalised results
It is generally accepted that the upper pressure difference for testing air flow through building components should be limited to 50 Pa. . Because of the similarity between each curve, the data can be conveniently normalised with respect to a maximum pressure difference of 50 Pascals and the corresponding volume flow rate as follows;-
Where the subscript 'i' denotes a quantity measured at a pressure difference less than 50 Pa; and subscript '50' denotes a quantity measured at 50 Pa.
The normalised results of this work are presented in Figure 8 , along with the results of British Gas's work on crack flow (6 ) and the authors' previous work (5) for comparison.
Presenting the data in a dimensionless form allows any operational bias from various experimental set-up to be minimised. With most of the data following a definite pattern, a generalised quadratic relationship (Equation 9 
Conclusions
The above discussion examines the results of the present investigation , the authors' previous study and the work of Etheridge's. Some interesting points have been highlighted that enables the following conclusions to be made.
A new parameter known as the equivalent crack length has been proposed to describe the total length of the visible gap between floorboards..
An empirical relationship has been proposed for determining floorboard equivalent crack width based on edge effect coefficient, that can be used with Equation 5 to calculate air infiltration across a traditional wooden floor.
The correlation between pressure difference and volume flow rate can be normalised onto a single curve which can be used to predict infiltration, within a range of 3-10 Pa, through a traditional wooden floor with better than 85% agreement. 
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